Anti-diabetic and anti-inflammatory activities of ethyl acetate-methanol extracts of cephalopods namely, Amphioctopus marginatus, Urothethis duvauceli, Sepia pharaonis, Sepiella inermis, and Cistopus indicus were evaluated. The ethyl acetate-methanol extracts of C. indicus exhibited significantly greater (p < 0.05) cyclooxygenase inhibition activities (IC90~1 mg/mL, respectively) compared to other cephalopod species. Likewise, C. indicus displayed greater 5-lipoxygenase inhibitory activity (IC90 1.69 mg/ mL) compared to the other cephalopod species (IC90 > 2 mg/mL) considered in the present study. The solvent extracts derived from the members of the order Octopoda demonstrated fairly good α-amylase inhibitory activity (IC90 ≤ 2.5 mg/mL). Dipeptidyl peptidase-4 inhibitory activity of the ethyl acetate-methanol extract of C. indicus was found to be significantly greater (IC50 2.51 mg/mL) than other species of cephalopods (IC50 3.4-5.4 mg/mL; p < 0.05). The labeling of protons associated with different magnetic environments of the functional groups exhibited in the ethyl acetatemethanol extracts were analyzed by proton nuclear magnetic resonance spectroscopy that supported the in vitro anti-diabetic and anti-inflammatory results. The ethyl acetate-methanol extract of C. indicus and S. inermis displayed greater proton integrals (ΣH) of highly electronegative moieties appeared in the low-field region in the proton nuclear magnetic resonance spectroscopy spectra (C. indicus ΣHδ3.5-4.5 5.34, ΣHδ4.5-6.5 6.41; S. inermis ΣHδ3.5-4.5 6.52, and ΣHδ4.5-6.5 15.39) than other cephalopod species. A significant co-linearity was found between the electronegative groups present in the downfield position of nuclear magnetic resonance spectroscopy spectra vis-à-vis anti-diabetic and anti-inflammatory activities.
Introduction
Diabetes mellitus is a major global health challenge of current century afflicting over 366 million people world-wide, and by the year 2030, this endocrine disorder is predicted to affect over 552 million people, particularly from the middle/low wage countries. [1] Type 1 diabetes was found to be due to the autoimmune destruction of insulin-producing islet β-cells of pancreas, while type 2 diabetes (T2D) involves metabolic disorder including insulin resistance and impaired control of hepatic glucose production. [2] The incidence of T2D is rapidly expanding in recent days. Some of the main pathologies related to T2D are defective glucose metabolism, obesity, cardiovascular disease, and defective immune responses, leading to sepsis and death. A common tie connecting these apparently disparate complications is chronic inflammation, [3] which consists of a tightly regulated cascade of immunological, physiological, and behavioral processes that are orchestrated by soluble immune signaling molecules called cytokines. [4] [5] [6] Cytokines can be generally classified as pro-present study will be helpful to develop nutraceutical supplements and pharmacophore leads from these mollusk species in combating inflammation and T2D.
Materials and methods

Cephalopod material and preparation of solvent extracts
The cephalopod species were collected on board from the Arabian Sea, situated at Lat 8º48' N; Long 78º9' E and Lat 9º14' N; Long 79º14'E, along the southwestern shoreline of the Indian subcontinent. The samples (10 kg of each species) were conveyed to the laboratory in insulated boxes loaded down with dry ice. They were thoroughly washed to remove mucus, debris, and other particles. The ink gland was precisely removed, and the tissues were grounded properly, before being stored at -80°C for further analysis. The ground cephalopod samples (1 kg) were freeze-dried by using a laboratory freeze-drier (Martin Christ, Germany) yielding the lyophilized powder (100 g, yield based on wet material 10%). The lyophilized powder of each group of cephalopod material was extracted with EtOAc-MeOH (1:1 v/v, 500 mL X 2), and was sonicated for 3 h under an inert atmosphere of N 2 . The samples were then filtered with Whatman filter paper (Whatman number 1) to acquire the clarified filtrates before being concentrated in vacuo (40°C) using a rotary evaporator (Heidolph Instruments GmbH & Co., Schwabach, Germany) to afford a dark brown oily viscous residue. The residue was further extracted with EtOAc-MeOH (1:1 v/v, 500 mL X 2) at an elevated temperature (40-45°C) for 3 h. The contents were filtered (Whatman number 1) and dried over anhydrous Na 2 SO 4 (65-70 g), before being evaporated under reduced pressure using the rotary vacuum evaporator to yield the EtOAc-MeOH extracts of the cephalopods. The extracts were pooled with those obtained after sonication for further processing.
In vitro anti-diabetic activities of the EtOAc-MeOH extracts of cephalopods
The α-amylase inhibitory action was determined by mixing test samples (500 μL, 100-1000 mg/mL) and standard drug (α-carbose as positive control, 100-1000 mg/mL) separately, to the phosphate buffer (500 μL of 0.20 mM, pH 6.9) containing α-amylase (0.5 mg/mL) from porcine pancreas (Sigma-Aldrich Chemical Co. Inc., USA), before being incubated at 25°C for 10 min. Afterward, a starch solution (500 μL of a 1%) in sodium phosphate buffer (0.02 M, pH 6.9) was added to each tube. The reaction mixtures were, thereafter, incubated at 25°C for 10 min. The reaction was stopped with 3, 5-dinitrosalicylic acid (DNSA) color reagent (1.0 mL). The test tubes were then incubated in a boiling water bath for 5 min, and cooled at the room temperature. The reaction mixture was diluted with distilled water (10 mL), and the absorbance was recorded at 540 nm. [19] The inhibitory activity against α-glucosidase was determined by incubating a solution of starch substrate (2% w/v maltose or sucrose, 1 mL) with Tris buffer (0.2 M, pH 8) and various concentrations of EtOAc-MeOH extracts for 5 min at 37°C with minor modification of earlier methods. [19] The reaction was initiated by adding α-glucosidase enzyme (1 mL of 1 U/mL yeast α-glucosidase, Sigma-Aldrich Chemical Co. Inc., USA) to the reaction mixture, followed by incubation for 10 min at 37°C. The reaction was terminated by heating the contents in a boiling water bath. DNSA (1 mL) was added with the product before being incubated for 5 min and added with distilled water (9 mL). The amount of liberated glucose was measured by glucose oxidase peroxidase method. [19] Another anti-diabetic assay using the method of DPP-4 inhibition was performed as described earlier. [20] A pre-incubation volume 250 mL containing Tris HCl buffer (100 mM, pH 8.4), DPP-4 enzyme (7.5 mL of 0.2 U/mL) from porcine kidney (Sigma-Aldrich Chemical Co. Inc., USA) and various concentrations of test material/reference inhibitor were used. This reaction mixture was incubated at 37°C for 30 min, followed by addition of Gly-pro-pnitroanilide (10 mL of 1.4 mM substrate). The absorbance of the product was measured at 410 nm. Diprotein-A (Ile-Pro-Ile) was used as the standard drug. Percentage inhibition of DPP-4 (% I) was calculated by, % I = (Ac -As) /Ac × 100, where: Ac is the absorbance of the control and As is the absorbance of the sample. The results were expressed as IC 90 , the concentration at which it inhibits 90% of the enzyme activity.
In vitroanti-inflammatory assays COX-1 and COX-2 inhibition assays were performed using 2, 7-dichlorofluorescein method with suitable modifications. [21] In brief, leuco-2, 7-dichlorofluorescein diacetate (5 mg) was hydrolyzed at room temperature in 1 M NaOH (50 μL) for 10 min followed by the addition of 1 M HCl (30 μL) to neutralize the excess of NaOH before the resulting leuco-dichlorofluorescein (1-DCF) was diluted with 0.1 M Tris-buffer (pH 8). COX enzymes (COX-1 and COX-2) were diluted with 0.1 M Trisbuffer (pH 8), so that a known aliquot gave an absorbance change of 0.05/min in the test reactions. The test samples (or the equivalent volume of MeOH, 20 μL) were pre-incubated with the enzymes at room temperature for 5 min in the presence of hematin. Premixed phenol, 1-DCF and arachidonic acid were added to the enzyme mixture to initiate the reaction, and to give a final reaction mixture of arachidonic acid (50 μM), phenol (500 μM), 1-DCF (20 μM), and hematin (1 μM) in 1 mL final volume of 0.1 M Tris-buffer (pH 8). The reaction was recorded spectrophotometrically over 1 min at 502 nm. A blank reaction mixture (without enzyme) was analyzed in the spectrophotometer reference cell against each test reaction to account for any non-enzymatic activity attributed to the test sample.
5-LOX inhibition assay was carried out using the principle of 1-4 diene (linoleic acid) oxidations to 1-3-diene [22] with suitable modifications. Briefly, an aliquot of the stock solution (50 μL, in dimethyl sulfoxide (DMSO) and tween 20 mixture; 29:1, w/w) of each test sample was placed in a 3 mL cuvette, followed by addition of pre-warmed 0.1 M potassium phosphate buffer (2.95 mL, pH 6.3) and linoleic acid solution (48 μL). Thereafter, ice-cold buffer (potassium phosphate; 12 μL) was added with 5-LOX (100 U) before being recorded spectrophotometrically at a wavelength of 234 nm. The control was prepared with DMSO: tween 20 mixture (no enzyme inhibition).
Spectroscopic analyses
The 1 H-NMR spectral analysis of the the EtOAc-MeOH extracts of five cephalopod species were carried out on a Bruker AVANCE spectrometer (Bruker, DRX 600 MHz AV 600, Karlsruhe, Germany) in CDCl 3 solvent. Tetramethylsilane (TMS, Cortec, Paris, France) was used as the internal standard (δ 0 ppm). Chemical shift (δ) values are expressed in parts per million (ppm), and referenced to the residual solvent signals of CDCl 3 . This study compared the characteristic functional groups present in each crude extracts. 1 H-NMR spectra were integrated to get the aggregate number of protons in characteristic regions of the spectra (proton integral, ΣH, which included saturated hydrocarbons of primary, secondary, and tertiary origin (δ 0.5-2.0), functionalized hydride group of alkyl alkanoates/allylic/acetyl groups (δ 2.0-2.5), functionalized hydride of the substituted alkanol/ methoxy (δ 2.5-3.5), protons of the parent hydride group of alkyl alkanoates/olefinic (δ 3.5-6.5), and aryl protons (δ 6.5-8.5).
Statistical analyses
Statistical evaluation was carried out by the SPSS software (SPSS Inc, Chicago, USA, ver. 13.0). Descriptive statistics were ascertained for all the contemplated attributes. Analyses were carried out in triplicate and the means of all parameters were examined for significance (p < 0.05) by analysis of variance (ANOVA). The Pearson correlation coefficient (r) was ascertained (p < 0.05) to assess the strength of the linear relationship between two variables.
Results and discussion
General
Marine organisms were shown to be rich sources of bioactive compounds, which have a positive influence on human health and may open a new perspective for pharmacological development. [23] [24] [25] [26] Cephalopods are mollusk candidates, which constitute a major share of marine fauna, were reported to possess structurally diverse anti-stress metabolites with respect to bioactive properties. [27] Even though many bioactive compounds have been isolated from marine animals, much of the potential compounds still remain unharnessed especially the organisms belonging to the class Cephalopoda of phylum Molluska. The present study is the first of its kind to report the bioactive properties of commonly available cephalopods namely, A. marginatus, U. duvauceli, S. pharaonis, S. inermis, and C. indicus with regard to their anti-diabetic and anti-inflammatory activities by various in vitro pharmacological models.
Recovery of the EtOAc-MeOH extracts of cephalopods
The yield of the EtOAc-MeOH extracts derived from A. marginatus, U. duvauceli, S. pharaonis, S. inermis, and C. indicus were found to be 4.3, 2.9, 4.1, 3.9, and 2.2%, respectively.
In vitroanti-diabetic activities of the EtOAc-MeOH extracts of cephalopods
The EtOAc-MeOH extract of S. inermis exhibited higher α-glucosidase inhibitory activity (IC 90 2.42 mg/mL) compared to C. indicus and A. marginatus (IC 90 2.8 mg/mL; p > 0.05). It is of note that the postprandial hyperglycemia is a key problem in the pathologies of T2DM. Ingestion of carbohydraterich diet causes elevation in blood glucose level by the rapid absorption of carbohydrates in the intestine aided by the action of glycoside hydrolases, which breaks dietary carbohydrates into absorbable monosaccharides. [28] Thus, the use of glycosidase inhibitor, such as α-glucosidase and α-amylase inhibitors, would be a prospective therapeutic agent for the effective management of diabetes. The EtOAc-MeOH extracts of cephalopods assayed for α-glucosidase inhibition exhibited higher inhibitory effect (IC 90 2.4-5.0 mg/mL; Table 1 ) than those of other classes of mollusks. [15] Although there have been no reports with regard to anti-diabetic and anti-inflammatory potential of cephalopod species, several authors reported bioactive properties of different groups of mollusks of marine origin. [15, [29] [30] [31] For example, Ravi et al. [15] observed that the methanol extract of gastropod mollusk Hemifusus pugilinus exhibited greater anti-α-glucosidase activity (IC 50 20.27 mg/mL) than the methanol extract of Natica didyma (IC 50 56.44 mg/mL), although the anti-diabetic properties of this group of mollusks were significantly lesser than the EtOAc-MeOH extracts of the cephalopods considered in the present study (IC 90 1.69-5.37 mg/mL; p < 0.05). The methanol extract of the marine gastropod mollusk Cerithidea obtusa extract was found to posses moderate anti-α-glucosidase inhibitory activity (IC 50 36.40 mg/mL). [30] The α-amylase inhibitory activities of C. indicus, S. inermis, and U. duvauceli were recorded to be significantly greater (IC 90~1 .7 mg/mL) when compared with other cephalopods in the present study (IC 90 1.9 -2.5 mg/mL; p < 0.05). A. marginatus displayed least α-amylase inhibitory activity (IC 90 2.50 mg/mL) because of greater IC 90 value than the other cephalopod species (IC 90 lesser than 2 mg/ mL). Notably, the pancreatic α-amylase is a key enzyme in the digestive system and catalyses the initial step in hydrolysis of starch to a mixture of smaller oligosaccharides consisting of maltose, maltotriose, and a number of small molecular weight α-(l-6) and α-(1-4) oligoglucans. These are then acted on α-glucosidases and further degraded to glucose, which on absorption enters the bloodstream. [28] Degradation of this dietary starch proceeds rapidly and leads to elevated post-prandial hyperglycemia (PPHG). Retardation of starch digestion by inhibition of enzymes, such as α-amylase, plays a key role in the control of diabetes. Inhibitors of pancreatic α-amylase delay carbohydrate digestion causing a reduction in the rate of glucose absorption and lowering the post-prandial serum glucose levels. [16] Therefore, the anti-diabetic potential of EtOAc-MeOH extract of cephalopods by α-amylase inhibition demonstrated its effectiveness as an anti-diabetic agent. The solvent extracts derived from the members of the order Octopoda demonstrated fairly good α-amylase inhibitory activity (IC 90 ≤ 2.5 mg/mL), and in which, C. indicus displayed highest anti-α-amylase property (IC 90 1.69 mg/mL). Anti α-amylase activities of the mollusks were supported by the earlier work of Sadhasivam et al., [16] which explained the α-amylase inhibitory properties of the methanolic extract of three marine mollusks, namely Aplysia sp, Bursatella leachii, and Kalinga ornata (93.0, 70.6, and 50.0%, respectively, 0.1 mg/mL). Abirami et al. [32] also observed moderate α-amylase inhibitory activity by the purple fluid of the marine gastropod mollusk Dolabella auricularia. An α-amylase inhibition of 72% was observed by Ravi et al. [15] for the methanolic extract of two marine mollusks Hemifusus pugilinus and Natica didyma. Reports of Tiwari et al. [33] confirmed the anti-glycemic activities of the crude extracts of bivalve mollusks in animal model. It is significant to note that the cephalopod species, particularly C. indicus displayed potential anti-diabetic activities as determined by in vitro α-amylase/α-glucosidase inhibition assays. More importantly, the anti-diabetic activities of the mollusks belonging to the class Cephalopoda were found to be greater than other classes of mollusks (Gastropoda and Bivalvia) reported in the literature. [32, 33] DPP-4 inhibitory activities of the EtOAc-MeOH extracts of C. indicus (IC 90 2.51 mg/mL), S. inermis (IC 90 3.35 mg/mL), and A. marginatus (IC 90 3.60 mg/mL) were found to be significantly greater than those displayed by the other cephalopod species. Notably, the IC 90 of α-glucosidase and DPP-4 inhibitory activity of the EtOAc-MeOH extract of S. pharaonis was 5.37 mg/mL, which displayed its significantly lesser anti-diabetic properties compared to other species of cephalopods considered in the present study ( Table 1 ).
The present study described the DPP-4 inhibitory activities of EtOAc-MeOH extracts from five different species of cephalopods. DPP-4 inhibitory activity of the EtOAc-MeOH extract of C. indicus was found to be significantly greater (IC 90 2.51 mg/mL) than those derived from other titled cephalopod species (IC 90 3.4-5.4 mg/mL; p < 0.05). However, there were no significant difference in DPP-4 inhibitory activities (IC 90 3.4-3.6 mg/mL) of the EtOAc-MeOH extracts acquired from A. marginatus and S. inermis ( Table 1 ). The potential anti-diabetic effect of the solvent extract from C. indicus, in particular, might, therefore, be attributed to the inhibitory effects against DPP-4 that retard the degradation of serine protease incretin hormones (glucagon like peptide and glucose-dependent insulinotropic polypeptide) to increase the production and release of insulin from the pancreatic βcells. [14] Thus, it is essential to arrest the activity of the enzyme DPP-4 in order to effectively maintain the serum glucose levels, and therefore, research has been focused on the strategy to inhibit the DPP-4 activity, and thereby preserving the activity of endogenous incretins. [14, 34, 35] U. duvauceli and S. pharaonis displayed significantly lesser anti DPP-4 activities (IC 90 > 4.5 mg/mL). It is significant to note that α-glucosidase and DPP-4 inhibitory activities (IC 90 5.37 mg/mL) of the EtOAc-MeOH extracts from S. pharaonis was lowest among the cephalopod species considered in the present study ( Table 1 ). The present study unequivocally proved that the two species belonging to Octopoda C. indicus and A. marginatus posses potential bioactivities capable of inhibiting the DPP-4 enzyme. Therefore, these species can be considered to be the potential candidate species for use against diabetes.
In vitroanti-inflammatory activities of the EtOAc-MeOH extracts of cephalopods
The in vitro anti-inflammatory activities of the cephalopods were studied using three assays, namely COX-1, COX-2 and 5-LOX inhibition assay. Inhibition of COX-1 and COX-2 and lipoxygenases has been a major strategy for alleviating the inflammation. [25] The EtOAc-MeOH extracts of C. indicus exhibited significantly greater (p < 0.05) COX-1 and COX-2 inhibition activity (IC 90~1 mg/mL) when compared to other cephalopod species. This was followed by A. marginatus and S. inermis, which demonstrated an IC 90 value of 1.38 and 1.42 mg/mL, respectively, in descending order of anti COX-1 activity. There was no significant difference (p > 0.05) in the COX-2 inhibitiory activity of the EtOAc-MeOH extracts from S. inermis and A. marginatus (IC 90 1.5 mg/mL). Likewise, C. indicus exhibited greater 5-LOX inhibitory activity (IC 90 1.69 mg/mL) compared to the other cephalopod species considered in this study (IC 90 > 2 mg/mL). EtOAc-MeOH extract of U. duvauceli recorded comparatively lesser anti-inflammatory activity with regard to inhibit COX-1 (IC 90 2.20 mg/mL), COX-2 (IC 90 2.08 mg/mL), and 5-LOX (IC 90 2.42 mg/mL) than the other species of cephalopods (Table 1) . Although no reports are available on the anti-inflammatory activities of cephalopods, there were reports on anti-inflammatory activities of mollusks from the previous literatures, mainly, the lipid rich extracts from the freeze-dried mussel powder (Lyprinol ® ), [36] and methanol (MeOH) extracts of marine mollusks named Cypraea errones and Cypraea arabica. [37] Chellaram and Edward reported the anti-inflammatory activities of the reef-associated mollusks, Trochus tentorium and Drupa margariticola. [38, 39] 1 H-NMR of the EtOAc-MeOH extracts of the cephalopod species provided a clear idea to compare the signal pattern and their intensities among distinctive functional group protons responsible for bioactive potentials. This gave an understanding into the various types of functional groups present in the EtOAc-MeOH extracts, and their relation with their anti-inflammatory and antidiabetic activities. In particular, the labeling of protons associated with different magnetic environments of the functional groups exhibited in the EtOAc-MeOH extracts were analyzed by 1 H-NMR spectroscopy (Figs. 1 and 2) , which corroborated the results obtained by the in vitro anti-diabetic and anti-inflammatory assays. Accordingly, the characteristic functional groups in specific regions with proton integral values were compared ( Figs. 1 and 2) . The aliphatic hydrocarbons in the δ H 0.1-2.0 region were found to be prominent in C. indicus, U. duvauceli, and S inermis compared to S. pharaonis and U. duvauceli. This region mainly accounted for -(CH 2 ) n and -(CH 3 ) n in straight chain, which probably linked to glycolipids, steroids, and other lipidic analogues.
Notably, the greater proton integral (ΣH) of the protons in 1 H-NMR spectra due to saturated hydrocarbons (at δ H 0.1-2) of the EtOAc-MeOH extracts derived from C. indicus, A. marginatus and S inermis (ΣH: 56.88, 58.58, and 76.80, respectively; Fig. 1 ) were probably linked with long-chain fatty acids, phospholipids, sterols, or glycolipids. Greater logP OW values (1-octanol/water partition coefficients) of the lipidic compounds could possibly lead to the greater intermembrane permeability of the bioactive principles in the cell, thereby resulting in higher anti-inflammatory and anti-diabetic properties. The lipidic compounds belonging to phospholipids, sterols, or glycolipids might possess substituents of polar characteristics, particularly belonging to functionalized hydride group of alkyl alkanoates/allylic/acetyl groups (δ H 2.0-2.5), functionalized hydride of the substituted alkanol/ methoxy (δ H 2.5-3.5), oxygenated functional moieties (δ H 3.5-4.5), and alkenic groups (δ H 4.5-6.5). This has been demonstrated by the greater proton integrals (ΣH) in these distinctive regions of 1 H-NMR spectra of S. inermis (ΣH δ2.0-2.5 12.17, ΣH δ2.5-3.5 23.43, ΣH δ3.5-4.5 6.52, ΣH δ4.5-6.5 15.39), C. indicus (ΣH δ2.0-2.5 6.66, ΣH δ2.5-3.5 21.73, ΣH δ3.5-4.5 5.34, ΣH δ4.5-6.5 6.41), and A. marginatus (ΣH δ2.0-2.5 7.95, ΣH δ2.5-3.5 18.31, ΣH δ3.5-4.5 6.97, ΣH δ4.5-6.5 13.72; Figs. 1 and 2) . It is of note that the DPP-4 scavengers, which possess electron withdrawing functionalities, can potentially react with the hydroxyl groups present in the active site amino acyl residues (particularly, tyrosyl, and seryl) of the DPP-4 enzyme. The greater proton integral of acyl or acetoxy groups in S. inermis and C. indicus might be the cause of greater anti-diabetic potential toward DPP-4, which was comparable with our earlier study on bivalve mollusks. [40] The intense proton signals in the 1 H-NMR spectra of the EtOAc-MeOH fractions of S. inermis, A. marginatus, and C. indicus might be due to the presence of RC(=O)CH 3 or RCH 2 C(=O)OR 1 groups, which prevent the development reactive oxygen species, thereby ceasing the free-radical induced inflammatory responses. Notably, the proton integrals in the downfield region of the 1 H-NMR spectra at about δ H 2-2.5 and 4.5-6.5 (olefinic protons) were frail for S. pharaonis (ΣH 3.83 and 5.38, respectively) and U. duvauceli (ΣH 5.94 and 5.67, respectively), which established that these functional groups were present in lesser intensities. On the contrary, the EtOAc-MeOH extract of C. indicus and S. inermis displayed greater proton integrals of highly electronegative moieties appeared in the low-field region in the 1 H-NMR spectra. A significant colinearity was found to exist between the electronegative groups present in the downfield position of 1 H-NMR spectra vis-à-vis anti-diabetic and anti-inflammatory activities of EtOAc-MeOH fractions from the cephalopods C. indicus and S. inermis. Likewise, the greater anti-diabetic and antiinflammatory potentials of C. indicus and S. inermis compared to other cephalopods were validated by 1 H-NMR spectroscopic experiments.
Conclusions
As a part of the ongoing research program carried out at our laboratory to explore novel sources of bioactivities from the marine organisms, different species of deep sea cephalopods particularly belonging to Cystopus indicus, Sepiella inermis and Amphioctopus marginatus were identified as potential sources of bioactive leads with respect to anti-inflammatory and anti-diabetic properties. The utilities of 1 H-NMR to assess the abundance of the bioactive functional groups present in the EtOAc-MeOH extracts of the cephalopod species and to illustrate the principles with regard to the presence of these functional groups visà-vis anti-inflammatory and anti-diabetic activities have been demonstrated. A significant co-linearity was found between the target bioactivities and the occurrence of the electronegative groups disposed in the downfield locale of 1 H-NMR spectra. The present study provided a detailed anti-diabetic and antiinflammatory profile of the commercially important cephalopod species, for the first time. In particular, Sepiella inermis, Amphioctopus marginatus, and Cystopus indicus can potentially be considered as new sources of important health foods, and can be used in formulating various nutraceuticals and functional food ingredients for biopharmaceutical industries in combating diabetes and inflammatory diseases. 
